Introduction
Meningiomas are meningothelial cell neoplasms, which typically attach to the inner surface of the dura matter [1] . They account for 27 % of all primary brain tumors in Japan, and middle-aged women are most commonly affected [2] . According to the WHO classification of central nervous system (CNS) tumors published in 2007 [1], most meningiomas are benign and categorized as WHO grade I. However, certain histological subtypes are associated with less favorable clinical outcomes and categorized as WHO grade II or III, indicating malignancy. Meningothelial meningioma is the most common subtype (Fig. 1) , followed by fibrous ( Fig. 2 ) and transitional subtypes (Fig. 3 ). These three subtypes account for approximately 80 % of all meningiomas (Table 1) [3] , which radiologists would identify as typical meningiomas. In contrast, each of the other histological subtypes constitutes only 1-3 % of all meningiomas, respectively.
Meningiomas usually form sessile or lentiform, wellcircumscribed, extra-axial mass lesions with broad-based dural attachment. They characteristically demonstrate hyperdensity on non-contrast CT, iso-to hypointensity on T1-weighted, and iso-to hyperintensity on T2-weighted images [4] . Meningothelial, fibrous, and transitional meningiomas can show variable intensities on diffusionweighted images; thus, apparent diffusion coefficient (ADC) values may vary greatly. Most of them will demonstrate no diffusion restriction or facilitation on diffusionweighted images, compared with the brain parenchyma [5] . Uniform and strong enhancement is typically seen after contrast administration. Dural tails [6] , hyperostosis in the underlying bones, linear internal flow voids, and calcification are also often observed in meningioma 1 3 lesions. Peritumoral brain edema can occur when the tumor becomes large. On trans-catheter angiograms, meningiomas will show characteristic sunburst or spokewheel appearances (Fig. 1) . These typical imaging findings are likely to reflect common histological subtypes of meningiomas. Therefore, some of these imaging features may be applicable to uncommon histological variants of meningiomas and some may not. The wide variety of imaging findings may cause confusion in the diagnosis of meningiomas.
Meningiomas with WHO grade II or III are associated with high recurrence rates and mortality. Successful gross total resection significantly decreases the rate of recurrence, compared with subtotal resection [7] . In WHO grade I meningiomas, tumor consistency, associated with tumor histology, is an important factor in determining the extent of tumor resection and surgical outcome. Therefore, preoperative imaging information regarding histologic grade and subtype of meningioma is crucial [8] .
In this article, we review the characteristics of clinical and imaging findings of uncommon meningioma variants (as are summarized in Table 2 ). We hope that this article will enhance and organize the knowledge of meningiomas for radiologists.
Uncommon histological subtypes of meningiomas

Psammomatous meningioma
Psammomatous meningioma is characterized by the predominance of psammoma bodies, when compared with typical meningothelial meningiomas [1] . This histological variant corresponds to WHO grade I. Psammomatous meningiomas share common locations with typical meningiomas in the cranium [3] , but in the literature, many case reports described intraspinal psammomatous meningiomas, especially in the thoracic spine [9] . CT reveals calcification diffusely or at the periphery of the tumor. T1-weighted images typically demonstrate iso-intensity with or without low signals. On T2-weighted images, the tumor commonly shows low intensity, but may show iso-to high intensity as well. Such hypointensities on MR images do not always correspond to calcifications seen on CT, although calcifications are expected to cause signal reduction [9] . ADC values of psammomatous meningiomas likely fall within the range of those of typical meningiomas [5] . Post-contrast MR images show solid and strong enhancement in many cases (Fig. 4) . Fewer cases can have weak contrast enhancement at the periphery of the tumor.
Angiomatous meningioma
Angiomatous meningioma is a rare histological subtype characterized by the predominance of blood vessels, corresponding to WHO grade I [1]. A slight male predominance may be a clinical characteristic, in contrast to the female predominance of typical meningiomas. On non-contrast CT, the tumor shows slightly high attenuation. The tumor is typically hypointense on T1-weighted images, hyperintense on T2-weighted images, and slightly hypointense on diffusion-weighted images [10] . Post-contrast MR images mostly demonstrate vivid enhancement because of the prominent hypervascularity. Homogeneous enhancement is seen in 85 % of the tumor, whereas 15 % of the tumor can show heterogeneous enhancement or cyst formation. Internal flow voids can be detected in almost all cases and feeding arteries are easily depicted on MR angiography. Peritumoral brain edema is usually prominent even for a small tumor (Fig. 5 ). 
Microcystic meningioma
Microcystic meningioma is the rarest histological subtype, characterized by the formation of intercellular microcystic spaces [1], and falls within the category of WHO grade I. Microcystic meningiomas show low (50 %) to iso-attenuation (50 %) on non-contrast CT. Microcystic meningiomas characteristically demonstrate distinct low intensity on T1-weighted images and high intensity on T2-weighted images [11] . Chen and colleagues reported that obvious hypointensity on T1-weighted images was the only significant predictor of microcystic meningioma on multivariate analysis [12] . ADC values of microcystic meningiomas may be relatively high, compared with those of typical meningiomas [5] . Reticular enhancement may be characteristic on post-contrast MR images and can be seen in 30 % of the tumor, but diffuse, strong enhancement is more common (Fig. 6 ). Peritumoral brain edema can be demonstrated in up to 88 % of the tumor, and the edema is usually marked.
Secretory meningioma
Secretory meningioma is characterized by an intracellular lumen containing an eosinophilic secretion which is called a pseudo-psammoma body, corresponding to WHO grade . It shows a predilection for the skull base and forms a mass with smooth, distinct margins in 83 % of cases but rarely with irregular margins. On T1-weighted images, the tumor shows non-specific iso-to low intensity, but on T2-weighted images, it characteristically shows high intensity in up to 96 % of the cases [13] . Secretory meningiomas may exhibit relatively high ADC values, compared with typical meningiomas [5] . Post-contrast images show homogeneous and marked enhancement of the tumor. Peritumoral brain edema can be seen in 60 % of cases (Fig. 7) . Cyst formation is rare.
Lymphoplasmacyte-rich meningioma
This rare variant contains extensive chronic inflammatory infiltrates and corresponds to WHO grade I [1]. Clinical features include a predilection for relatively young patients, often with secondary hypergammaglobulinemia and anemia [14] . The lymphoplasmacyte-rich subtype characteristically arises as an en-plaque meningioma on the dura, with irregular forms and unclear tumor boundaries. Invasion to the adjacent brain tissue can occur. Typically, the tumor is hyperdense on non-contrast CT and iso-to hypointense on T1-weighted images. T2-weighted images show mixed hyper-to iso-intensity more often than iso-to hypointensity. Diffusion restriction can be seen [15] . Post-contrast MR images show strong and homogeneous enhancement with indistinct margins (Fig. 8) , likely reflecting tumor extension and inflammatory cell infiltration [16] . Cyst formation can be detected in 30 % and peritumoral brain edema in nearly 100 % of the cases.
Clear cell meningioma
Clear cell meningioma corresponds to WHO grade II and is characteristically composed of polygonal cells with clear cytoplasm and rich interstitial collagen [1] . Clinical characteristics include a predilection for relatively young patients and the cerebellopontine angle as the location of the tumor. Recurrence and metastasis are common. Non-contrast CT shows variable density but most often high density of the tumor. The tumor demonstrates iso-to slightly low intensity on T1-weighted and inhomogeneous, mixed iso-to high intensity on T2-weighted images. ADC values of clear cell meningiomas may fall within the range of those of typical meningiomas [15] . The tumor shows strong and heterogeneous contrast enhancement more often than homogeneous enhancement (Fig. 9 ) [17] . Cysts are seen in 60 % and peritumoral brain edema in 78 % of the cases. Osteolysis is seen more often than hyperostosis of the underlying bones.
Atypical and anaplastic meningiomas
Anaplastic meningioma has a clearly malignant cytology that resembles carcinoma or high-grade sarcoma, thus corresponding to WHO grade III. ▸ appearances, and the lack of capsule-like enhancement at the tumor margins [18] . Diffusion-weighted images most likely show restricted diffusion [5, 19, 20] . On dynamic susceptibility contrast perfusion MR images, the relative cerebral blood volume increases in the area of peritumoral brain edema with a delay in contrast arrival [21] . The volume transfer contrast, K trans , obtained with dynamic contrast-enhanced perfusion MR imaging, usually shows higher values in atypical meningiomas compared with those in typical meningiomas, which is a useful indicator in their differentiation [22] . Other common features of atypical and anaplastic meningiomas include necrosis, calcification, prominent peritumoral brain edema, and bone destruction (Fig. 10) .
Other histological variants
Other histological variants include metaplastic meningioma (WHO grade I), chordoid meningioma (WHO grade II), and papillary and rhabdoid meningiomas (WHO grade III) [1] . Metaplastic meningioma shows striking focal or diffuse mesenchymal components. The tumor may contain osseous, cartilaginous, myxoid, lipomatous, or xanthomatous tissue. Metaplastic meningiomas are often named based on the dominant mesenchymal components, such as lipomatous or xanthomatous meningioma [23] . Controversies still remain over whether the tumor is truly a metaplastic form of meningioma [24] . Imaging characteristics are variable, depending on its mesenchymal components. Chordoid meningioma characteristically has tissue histologically similar to chordomas. The tumor can present with Castleman's disease when it occurs in childhood [25] . A recent study showed that facilitated diffusion, shown as elevations of ADC values, is highly characteristic of chordoid meningioma [15] . Papillary meningioma is characterized by a perivascular pseudo-papillary pattern on histology.
Common imaging features include irregular margins, heterogeneous enhancement, moderate or marked irregular peritumoral edema, and cyst formation [26] . Rhabdoid meningioma features the predominance of sheets of rhabdoid cells. Generally, the prognosis is poor, and many case reports are available on pediatric patients in the literature. On CT and MRI, the tumor demonstrates severe peritumoral edema in 75 %, cyst formation in 38 %, and mixed bone destruction and hyperostosis in 33 % of the cases [27] .
Variations in locations of meningiomas
Meningiomas arise from meningothelial cells or arachnoid cap cells, and the tumors more frequently occur where the cells are abundant. The arachnoid granulations or villi have large numbers of arachnoid cap cells, and therefore are common sites for the origin of meningiomas. The villi are concentrated along the dural venous sinuses, and this feature of the anatomy likely explains the reason why meningiomas commonly occur adjacent to the sinuses. Common locations of intracranial or juxtacranial meningiomas include: convexity (20-34 %); parasagittal and falcine (18-22 %); sphenoid and middle cranial fossa primary ectopic meningiomas are rare, most of them arise in the skull and the head and neck regions. Other much rarer locations include the lung, mediastinum, retroperitoneum, pelvis, and extremities [28] . Primary ectopic meningiomas of the skull and the head and neck regions are considered to arise from the arachnoid cells around the cranial nerves exiting the skull or from the arachnoid cells disseminated during the formation of the skull. Possible explanations of the origin of meningiomas at sites distant from the neuraxis include congenital, ectopic, meningothelial cell rests and meningothelial differentiation from pluripotent mesenchymal cells. Imaging findings can be variable. Intradiploic meningiomas can show both osteoblastic and osteolytic lesions (Fig. 11) [29] ; thus, possible differential diagnoses on CT and MRI include metastasis, multiple myeloma, osteosarcoma, fibrous dysplasia, and intraosseous hemangioma. Moreover, as for the head and neck region, because of their rarity, it may be impractical to suggest ectopic meningiomas as the working diagnoses before histological confirmation. Differential diagnoses should be modified depending on the tumor locations and imaging findings, but could generally include hypervascular tumors.
Extraneural metastases from meningiomas are extremely rare, accounting for approximately 0.1 % of all meningiomas. The lung is the most frequent site of metastases (61 %) (Fig. 12) , followed by the liver, lymph node, bone, pleura, and mediastinum [30] . A case with multiple metastatic lesions is uncommon. Many cases present with one or two metastatic lesions, with or without the concurrent local recurrence of meningioma [31] . Dural sinus invasion, a history of craniotomy, specific histological subtype (papillary meningioma), and higher WHO grade could be risk factors for metastasis, but none of them has been established [30] . No imaging findings have been established as specific for metastatic meningiomas, and many extraneural metastases are found incidentally on radiological examination.
Conclusion
The diagnosis of meningioma is often challenging when encountering imaging variants. However, many rare histological variants have their own imaging or clinical features, compared with typical meningiomas. We believe that knowledge of these features will help radiologists make a diagnosis of meningioma with more confidence.
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Fig. 11
Primary intraosseous (intradiploic) meningioma in a 68-year-old woman. Axial fat-suppressed post-contrast T1-weighted image shows a homogeneously enhanced mass in the left parietal bone Fig. 12 Metastatic pulmonary meningioma in a 59-year-old woman. Axial post-contrast CT image shows a homogeneously enhanced mass in the left hemi-thorax (17-25 %); frontobasal (10 %); posterior fossa (9-15 %) including the tentorium cerebelli (2-4 %), cerebellar convexity (5 %), cerebellopontine angle (2-4 %), intraventricular (2-5 %), and orbital (<1-2 %) [4] . The incidence of intraspinal meningiomas is about 1/9 of that of intracranial meningiomas.
Meningiomas developing in ectopic locations account for only 1-2 % of all meningiomas at most. Ectopic meningiomas can be either primary or metastatic. Although
